Background. Infections in pediatric patients with oncohematological diseases pose a huge therapeutic and diagnostic problem.
Introduction
Infections in neutropenic patients in the course of cancer treatment and treatment of some hematological diseases constitute a significant factor which worsens the patients' condition and in some cases poses a direct threat to their life. The choice of antibiotic for treatment is difficult because it is nearly always empirical, owing to the time needed to wait for the results of microbiological tests. The spread of multi-drug-resistant pathogens additionally aggravates the already difficult decision-making process regarding antibiotic treatment. 1 The assessment of the suitability of antibiotic therapy is also complicated by the fact that there are often problems with the identification of etiological factors despite the use of microbiological diagnostics. [2] [3] [4] [5] [6] According to numerous reports, the negative test results of samples taken from seriously ill patients with clinically diagnosed infections unfortunately occur frequently, and account for as much as 80% of all samples in the case of blood cultures. [2] [3] [4] Thus, for neutropenic patients with negative microbiological results of diagnostically relevant materials such as blood, it is important to identify the colonizing flora. Knowledge of the particular flora's drug resistance profile may be significant in enhancing the effectiveness of the therapy. 1 In the case of neutropenic patients, there is a high risk of translocating endogenous flora from physiological sites to sterile areas. The aim of this paper was to present the local frequency of isolation and drug susceptibility of strains isolated in the period 2011-2014 from the blood of neutropenic children and to compare the susceptibility of blood isolates with the results for the colonizing flora and for strains isolated from all materials together. The aim of this study was also to specify the optimal options for empirical therapy in our center, based on the results of the susceptibility of blood-borne strains, and to estimate the suitability of antibiogram tests for colonizing flora in selecting the most probable active antibiotics to treat infections in children with hematological diseases who had negative test results of diagnostically relevant samples.
Material and methods
The analysis included the results of microbiological tests of patients hospitalized in the oncohematological wards of the Chair and Clinic of Pediatric Oncology, Hematology, and Bone Marrow Transplantation in Wrocław from 2011 to 2014. Children subjected to bone marrow stem cell transplantation were excluded from the study. The majority of the children studied had acute leukemia (60%) with a predominance of acute lymphoblastic leukemia and lymphomas, particularly non-Hodgkin's lymphoma (15-20%) . Other markings were performed in patients with solid tumors, among which neuroblastoma, rhabdomyosarcoma, and Ewing's sarcoma prevailed. The samples for microbial diagnosis included in this research were collected in cases of suspected infections. In total, microbiological  tests were conducted on 50,407 various clinical samples,  including 11,468 in 2011, 12,234 in 2012, 13,762 in 2013,  and 12,943 in 2014. The largest proportion of analyzed  materials in the years 2011, 2012, 2013, and 2014 were as follows: feces samples (24%, 21% , 23%, and 23%, respectively), samples from the upper respiratory tract (24%, 23%, 23%, and 23%, respectively), blood (22%, 21%, 18%, and 20%, respectively) and urine (16%, 15%, 15%, and 16%, respectively). The samples included in the research were collected in cases of suspected infections only. Microbiological diagnostics was performed at the Specialist Microbiological Laboratory of the Wroclaw Medical University Foundation. The blood cultures were processed in a Bactec 9120 (BD) using BD Bactec Peds Plus/F or BD Bactec Plus Aerobic/F and BD BactecPlus Anaerobic/F (Becton Dickinson Life Science-Diagnostic Systems). At least 2 blood samples were collected from each patient. The strains were identified using a manual system -BBL Crystal (BD) -or an automatic system -VITEK 2 (bioMerieux S.A., Marcy L'Etoile, France). The assessment of drug susceptibility and resistance mechanisms was performed in accordance with the recommendations in force during the given year, of either the Clinical and Laboratory Standards Institute (CLSI) (for the period January 1, 2011 to April 30, 2011) or of the European Committee on Antimicrobial Susceptibility Testing (EUCAST) (May 1, 2011-December 31, 2014), as well as the recommendations of the National Reference Center for Antibiotic Resistance and Surveillance (KORLD). [7] [8] [9] Depending on the above-mentioned recommendations, susceptibility was tested by means of the disc diffusion method, the automatic VITEK system, and the quantitative method, using bands saturated with an antibiotic within the concentration gradient (E-tests, bioMerieux S.A., Marcy L'Etoile, France). We analyzed the positive test results of the various studied materials from 2011 to 2014 and measured the frequency of isolation of individual types of bacteria broken down into Gram-positive and Gram-negative strains. Also, drug susceptibility testing was carried out for the strains isolated in 2014 from all materials together and for only colonizing bacterial strains isolated primarily from stools and from the upper respiratory tract. A detailed assessment of the type of isolated bacteria and their susceptibility to antimicrobial agents was also conducted for the strains isolated from positive blood cultures, taking into account the dynamics of changes from year to year. In cases of repeated isolations from a single patient of the same bacteria with the same susceptibility profile, the relevant susceptibility analysis included the result for a single strain only. Coagulase-negative staphylococci were regarded as the etiological factor of bacteremia when they was isolated from at least 2 blood samples. The data was statistically analyzed with the use of STATISTICA 12.0 packages (StatSoft), in particular the significance test for the difference between 2 indices of structure (Significant Difference Test). Values of p < 0.05 were regarded as statistically significant.
Results
Positive microbiological test results constituted a small percentage of the total number of samples collected from patients, with the majority being negative (Table 1) Table 2) . A statistically significant increase in the frequency of isolation of Gram-positive bacteria was found in 2012 and 2013 compared to 2011. Coagulase-negative Staphylococcus (CNS) was decidedly the predominant group of bacteria. Gram-negative bacteria were isolated less frequently; the differences in the frequency of isolation in individual years were statistically significant only in 2012 (p = 0.0173). Among Gram-negative strains isolated from blood, the most frequent were Klebsiella spp. (6-11%) and E. coli (1-11%). Non-fermentative rods were isolated less frequently. The susceptibility test results of the strains isolated from blood (Table 3) show that regardless of the year, CNS strains were most susceptible to linezolid and vancomycin (96-100%) and to teicoplanin (82-96%), with MRCNS (methicillin-resistant CNS) accounting for 77-86%. They were least susceptible to macrolides and, additionally, a statistically significant drop in susceptibility to these drugs was observed, from 31% in 2011 to 4% in 2014 (p = 0.0001). The drug susceptibility of S. aureus and Enterococcus spp. is difficult to assess due to the low occurrence of this strain. However, it was found that all S. aureus strains were susceptible to glycopeptides, and linezolid and Enterococcus spp. were susceptible to linezolid. Additionally, 100% of the enterococci isolated in 2013 and 2014 were susceptible to glycopeptides. Apart from the year 2014 (p = 0.0013), MRSA strains (methicillinresistant S. aureus) were not isolated. The susceptibility of Gram-negative bacilli isolated from blood is presented in Table 4 . All of the Enterobacteriaceae strains (100%) were susceptible to imipenem and meropenem, apart from the year 2014 (with 9% resistant strains) (p > 0.05). Susceptibility to ertapenem was lower and it stood at 80% in 2014 (p > 0.05). Apart from carbapenems, intestinal rods were most susceptible to amikacin (77-93%). The non-fermentative rods isolated in 2013 and 2014 were less susceptible to imipenem and meropenem, at 71% for both antibiotics in 2013, and 67% and 71%, respectively, in 2014. The decrease in susceptibility to carbapenems was statistically significant in 2014 (p = 0.0307).
The study also included a comparison of the drug susceptibility of strains isolated from blood with those reported as a colonizing flora and with bacterial strains isolated from all the materials together. It was found that compared to the total number of investigated strains and to those isolated as colonizing flora, CNS isolated from blood were nearly twice as frequently resistant (p < 0.05) to cefoxitin (MRCNS). The same strains were also statistically significantly more susceptible to gentamicin in comparison to colonizing bacteria ( Fig. 1) . Furthermore, Enterobacteriaceae isolated from blood were more frequently resistant to antimicrobials than the other 2 compared groups. They were especially statistically significantly resistant to carbapenems and ceftazidime (Fig. 2) . Different data were obtained for Gram-negative non-fermenters (NF), a statistically significant higher percentage of which was susceptible to half of the analyzed antibiotics (piperacillin/tazobactam, ceftazidime, cefepime, doripenem, gentamicin, and ciprofloxacin) among blood isolates in comparison with the colonizing strains (Fig. 3) . Gram-negative non-fermenters were more resistant only to imipenem, but the differences were not statistically significant (p = 0.0721). Table 5 presents the frequency of isolation of bacteria with specified resistance phenotypes. These data also confirm that the blood-borne staphylococci, enterococci, and Enterobacteriaceae were resistant to methicillin and to high concentrations of aminoglycosides and that they produced extended-spectrum beta-lactamases (ESBL) more often than the bacteria isolated from all materials. 
Discussion
Blood is the most valuable material for the purposes of microbiological diagnosis of infections in hematological patients. It plays a significant role not only in the diagnosis of sepsis, but also in organ infections, where the bacteria enter the bloodstream in the majority of cases. At the same time, it becomes challenging to determine the location of the infection due to neutropenia and the lack of evident clinical symptoms. Unfortunately, blood is also one of the most difficult materials to culture microorganisms in, especially in patients who previously received antibiotic prophylaxis. 1, 10 Numerous studies confirm the difficulties encountered in blood diagnostics and suggest that positive results of blood cultures may be obtained in only 11-30% of cases. [10] [11] [12] [13] [14] During our own studies conducted over a period of 4 years, we had an average of 11% of positive blood cultures. Such a small percentage of positive cultures may be due to a number of factors, including blood collection coinciding with antibiotic treatment and non-compliance with the procedures concerning blood collection for culture. 5 It also shows the need to actively monitor microbiological diagnostic procedures, especially of mistakes relating to collecting blood for culture from oncohematological pediatric patients. Another reason for the reduced frequency of isolating bacteria from blood is the fact that microbiological tests are performed in all febrile neutropenic patients. Although bacterial infections are responsible for a large number of febrile episodes in this group of patients, in some of them their cause is different, for example, a neoplastic disease, chemotherapy, blood product transfusion, or a viral or fungal infection. The low blood -C detection rates of bacteria in blood as well as the risk of a fast-developing infection from a previous colonization are 2 reasons why in oncohematological neutropenic patients, colonizing bacteria from stools or from the upper respiratory tract are more frequently diagnosed microbiologically than in other patients. The results of the above tests are valuable as they allow us to monitor multi-resistance. 1, 15 In the case of oncohematological patients, knowledge about the resistance profile of the colonizing flora can be used in the selection of an adequate antibiotic therapy at the time of onset of the infection and before test results become available. 5, 16 Additionally, it can serve as valuable information for Nosocomial Infection Surveillance Teams, which, in the case of isolating alert pathogens, can initiate efforts to prevent the relevant strains from spreading further. Multi-resistance increases the virulence potential of pathogens and is the reason why such strains are more frequently found in invasive infections. This process also reduces the chances for effective treatment. 1 This claim was confirmed by the results of our research, where both MRCNS strains and ESBL-positive Enterobacteriaceae and Enterococcus with the HLAR phenotype were more frequently isolated from blood than from other materials. On the other hand, the fact that CNS strains and Enterobacteriaceae isolated from blood showed a higher resistance to antibiotics than the colonizing flora may indicate an exogenous origin of the bacterial strains; however, this supposition cannot be proven due to a lack of genetic studies. Future introduction of genetic studies which would examine the similarities between strains isolated from the blood and colonizing flora could help assess the usefulness of monitoring the susceptibility of colonizing flora when selecting effective treatment options at the time of infection. In accordance with the data presented by Mikulska et al., the percentage of strains isolated from the blood of hematological pediatric patients was smaller than in our research, which for MRSA was from 0 to 26%, for MRCNS was 38-39%, and for ESBL was 18%. 17 According to Mikulska et al., the significantly higher percentage of resistant strains found in our study (the 82% of MRCNS and the 42% of ESBL, in particular) is more characteristic of adult patients. 17 However, data presented by other authors, including Al-Mulla et al. from Qatar confirm a high percentage of MRCNS strains (from 78% to 100%). 18 Similar data were reported by Lv et al. from China showing 73-100% of MRCNS strains. 19 In general, literature data most often show the prevalence of Gram-positive over Gram-negative bacteria among blood isolates, 17, [20] [21] [22] [23] which is in line with the results of our own research conducted from 2011 to 2014 (63-70% vs 30-40%). The previous study from 2001-2002 from the same clinic showed a greater number of Gram-negative than Gram-positive bacteria (56% vs 44%) isolated from blood. 20 Currently, there are reports indicating the predominance of Gram-negative microorganisms. 11, 12, 17, 24 Mikulska et al. noted a predominance of Enterobacteriaceae in 5 out of the 12 analyzed research studies. 17 On the basis of reports from various centers, she also noted the growing role of Enterococcus spp. and Enterobacteriaceae and the decreasing role of P. aeruginosa. No similar tendency was observed in our study. On the contrary, the percentage of isolation of enterococci in 2014 declined by 7% in comparison with 2011 and no differences were found in the consecutive years of the study with respect to other types of bacteria. Despite the fact that CNS strains are predominant among blood isolates, they do not pose such a threat to patients' lives as Enterobacteriaceae or non-fermenters. They have at their disposal not only a huge arsenal of various virulence factors, but also the ability to develop resistance to the majority of antibiotics. 24 In accordance with American recommendations regarding the protocol in cases of neutropenic fever in oncological pediatric patients and/or patients subjected to transplantations of hematopoietic stem cells, given the high risk of infectious complications, initial empirical therapy should account for the administration of an antibiotic active against Gram-negative bacilli, including P. aeruginosa. 5 Among the antibiotics recommended in monotherapy are piperacillin/tazobactam, ticarcillin/clavulanic acid, cefepim, ceftazidime and meropenem, or imipenem. 5 The choice of an antibiotic is better when it is based on knowledge of the local epidemiological situation. Thus, it seems that − in line with our microbiological analysis of local epidemiological situation − our pediatric ward might use piperacillin/tazobactam or cefepime (which additionally would be a carbapenemsaving strategy) for the initial therapy. For patients suffering from acute myeloid leukemia with no symptoms of infection but with a high risk of infection complications, oral chemoprophylaxis with the use of fluoroquinolone may be the recommended option. 1 Although fluoroquinolones have been reported as an important option in the prevention of infection, there are a number of controversies associated with this group. 1, 25, 26 On the one hand, there are reports confirming the role of antibiotic prophylaxis in reducing the risk of infection with Gram-negative bacilli; on the other hand, growing levels of resistance to fluoroquinolones have unfortunately been reported. [25] [26] [27] [28] However, in our research no negative changes in the susceptibility to ciprofloxacin were observed among the Gram-negative bacilli isolated from blood. Nevertheless, in comparison with the results of studies conducted from 2001 to 2002 at the same center, there has been a visible increase (by 20%) in resistance to fluoroquinolones. 20 The susceptibility of Gram-negative bacilli to other antibiotics was varied. In 2014, apart from carbapenems and colistin, Enterobacteriaceae strains remained most susceptible to amikacin (77%), but there has been an increase in resistance to this antibiotic as well. Fewer strains were susceptible to gentamicin and tobramycin. However, in 2014 there were as many as 21% more strains susceptible to tobramycin than in 2011. In their study of pediatric patients, Aslan et al. reported that only 7.7% of E. coli were susceptible to amikacin and 69.2% were susceptible to gentamicin, while Lv et al. reported 91.7% and 16.7%, respectively. 19, 29 In our own research, tobramycin was 100% active in vitro against non-fermenters and, additionally, 7% more active than amikacin. Thus, it may serve as an alternative to amikacin, which is generally used in combined therapy, especially against such strains as P. aeruginosa. Lv et al. reported that more strains were susceptible to gentamicin than to amikacin among P. aeruginosa. 19 In general, however, susceptibility to individual aminoglycoside agents is very diversified across the centers conducting the studies, which was clearly demonstrated by Trecarichi and Tumbarello. 30 In summary, our study included only one center, so the achieved results and conclusions may have some limitations and may reflect only local trends. Over the 4 years of our research, a growing drug resistance was observed among the Enterobacteriaceae bacilli, with no such trend among non-fermenters. However, in the case of the latter ones, many more strains have been observed to be resistant to carbapenems than to other studied antibiotics. The problem of growing drug resistance among nosocomial strains is also reflected by the isolation from blood of a methicillin-resistant S. aureus strain for the 1 st time in 2014. The results of the sensitivity of Gram-negative bacteria from blood indicate that, apart from carbapenems, the strains were most susceptible to piperacillin/tazobactam, cefepime, and aminoglycosides. In our Wrocław center, it has also been shown that CNS and Enterobacteriaceae strains isolated from blood were statistically significantly less susceptible to antibiotics than colonizing flora.
Conclusions
Our results show that the choice of appropriate antibiotics for the treatment of infections in children from the studied hematological ward based on antibiograms for colonizing flora may be difficult because there is a risk that the antibiograms do not take into account the more resistant strains. According to the antibiotic susceptibility of the examined strains isolated from blood, the most probable active empirical and carbapenem-saving therapy could be conducted with piperacillin/tazobactam or cefepime.
